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Today’s Forecast 

1) Beginning 
•  The kinds of memories worth manipulating 

 
2) Middle 
• Acutely rescuing psychiatric disease-related states 

 
3) End 
• Chronically manipulating memories to achieve 

long-lasting antidepressant-like effects 



What can we do? 





Dox can open and close windows 
for expressing a given gene in an 
activity-dependent manner 
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5) Using memory to fix impaired cognition 
(Ramirez et al. Nature, 2015)  
 

1) Proof of concept: 
Activating fear expression 
 

2) Application:  
Artificially creating CS-US assoc. 
 

3) Revealing new theory:  
 Driving fear and reward 
 

Where we are; where we’re going 

4) Identifying plasticity in DG cells 
(Ryan et al. Science, 2015) 
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(Redondo and Kim et al., Nature, 2014) 

Significance: DG cells that were active during reward conditioning can 

drive place preference. 

Activating DG cells associated with a  
positive experience 



Hypothesis 

Hippocampus cells active during the encoding of a positive 
experience are sufficient to rescue stress-induced maladaptive 
behavior when reactivated.  
 

• These behaviors include responses to challenging situations where active vs. passive 
action patterns can be measured  
(i.e. the tail suspension test) 
 

• The inability to experience or seek out pleasure, or anehdonia 
(i.e. the sucrose preference test.) 

 
• And a variety of assays measuring anxiety-like behaviors 

(i.e. open field and elevated plus maze) 



Today’s Forecast 

1) Beginning 
•  The kinds of memories worth manipulating 

 
2) Middle 
• Acutely rescuing psychiatric disease-related states 

 
3) End 
• Chronically manipulating memories to achieve 

long-lasting antidepressant-like effects 





Activated positive memories are sufficient to reverse stress-induced 
behavioral impairments 
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DG cells associated with a positive experience are sufficient to reverse 
stress-induced behavioral changes 



Activated positive memories do not alter anxiety-like behavior 

(Cryan and Holmes, 2005) 



D2-type MSNs

(D2-type medium spiny 

neurons). One of two major 

subtypes of GABAergic 

projection neurons located in 

the nucleus accumbens and 

dorsal striatum, which are 

defined by their predominant 

expression of D2 dopamine 

receptors. D2 type-neurons 

largely coincide with those of 

the indirect projection 

pathway.

Excitatory synapses

Synapses at which the release 

of glutamate from presynaptic 

nerve terminals activates 

glutamate receptors located on 

dendritic spines on 

postsynaptic neurons, which 

increases the probability of an 

action potential in that 

postsynaptic neuron.

(TABLE 1)

Nucleus accumbens.

(TABLE 1)

Basolateral amygdala.

Prefrontal cortex.

excitatory synapses

Table 1 | Comparison of brain imaging and post-mortem studies in human depression

Brain region Human imaging results Human post-mortem analysis

Nucleus accumbens ↓  Volume 
↓  BOLD signal during reward-related task

↓  Expression of synaptic 
remodelling gene RAC1

Ventral tegmental area NA NA

Hippocampus ↓  Volume 
↓  BOLD signal during positive word-encoding task

↓  Synapse density 
↓  Glial cell density

Basolateral amygdala ↓  Volume 
↑  Resting-state BOLD signal

↓  Grey matter 
↓  Glial cell density

Medial prefrontal cortex ↓  Volume 
↓  BOLD signal during reversal-learning task

↓  White matter 
↓  Dendritic branching 
↓  Glial cell density

BOLD, blood-oxygen-level-dependent; NA, not assessed. 
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reward

anhedonia

The brain’s reward circuit ry

ventral tegmental 

area nucleus accumbens
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(FIG. 1)
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Reward

A positive emotional stimulus. 

In psychological terms, a 

reward is reinforcing — it 

promotes repeated responding 

to obtain the same stimulus.

Anhedonia

Loss of the ability to 

experience pleasure from 

normally rewarding stimuli, 

such as food, sex and social 

interactions.

Ventral tegmental area

(VTA). A ventral midbrain site 

containing dopaminergic 

neurons that are an essential 

component of the brain’s 

reward circuitry.

The brain reward circuitry in mood 
disorders
Scott J. Russo and Eric J. Nestler

Abstract | Mood disorders are common and debilitating conditions characterized in part by 

profound deficits in reward-related behavioural domains. A recent literature has identified 

important structural and functional alterations within the brain’s reward circuitry — 

particularly in the ventral tegmental area–nucleus accumbens pathway — that are 

associated with symptoms such as anhedonia and aberrant reward-associated perception 

and memory. This Review synthesizes recent data from human and rodent studies from which 

emerges a circuit-level framework for understanding reward deficits in depression. We also 

discuss some of the molecular and cellular underpinnings of this framework, ranging from 

adaptations in glutamatergic synapses and neurotrophic factors to transcriptional and 

epigenetic mechanisms.
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What is the interaction between active positive memories 
and a brain in a stress-induced state?  

Nature Reviews | Neuroscience
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Nucleus accumbens

(NAc). A portion of the ventral 

striatum, this forebrain nucleus 

has a crucial role in 

coordinating responses to 

rewarding and aversive stimuli.

Medium spiny neurons

(MSNs). Principal GABAergic 

projection neurons of the NAc 

and dorsal striatum, 

comprising > 95% of neurons 

in these regions.

Optogenetics

A series of recently developed 

tools that make use of 

light-activated proteins. Most 

frequently, light-sensitive ion 

channels and pumps are used 

to control the firing rate of 

neurons, but increasingly other 

types of proteins are placed 

under similar light control.

Channelrhodopsin 2

(ChR2). Member of a family of 

retinylidene proteins 

(rhodopsins), which are 

light-gated ion channels that 

can be expressed in neurons to 

allow for optogenetic control of 

electrical excitability with 

exquisite temporal specificity.

Intracranial self-stimulation

A behavioural paradigm in 

which animals work (for 

example, roll a cylinder with 

their paws) to stimulate a 

targeted brain region with 

electrical current. The current 

at which animals first 

self-stimulate, termed the brain 

stimulation reward threshold, is 

used as a measure of an 

animal’s affective state, with 

higher thresholds reflecting 

diminished reward and 

anhedonia.

D1-type MSNs

(D1-type medium spiny 

neurons). One of two major 

subtypes of GABAergic 

projection neurons located in 

the nucleus accumbens and 

dorsal striatum, which are 

defined by their predominant 

expression of D1 dopamine 

receptors. D1-type neurons 

largely coincide with those of 

the direct projection pathway.

optogenetics

channelrhodopsin 2 

intracranial self-st imulat ion

D1-type MSNs

D2-type MSNs

Figure 1 | VTA–NAc reward circuit. A simplified schematic of the major dopaminergic, glutamatergic and GABAergic 

connections to and from the ventral tegmental area (VTA) and nucleus accumbens (NAc) in the rodent brain. The 

primary reward circuit includes dopaminergic projections from the VTA to the NAc, which release dopamine in 

response to reward-related stimuli (and in some cases, aversion-related stimuli). There are also GABAergic projections 

from the NAc to the VTA; projections through the direct pathway (mediated by D1-type medium spiny neurons (MSNs)) 

directly innervate the VTA, whereas projections through the indirect pathway (mediated by D2-type MSNs) innervate 

the VTA via intervening GABAergic neurons in the ventral pallidum (not shown). The NAc also contains numerous types 

of interneurons (FIG. 2). The NAc receives dense innervation from glutamatergic monosynaptic circuits from the medial 

prefrontal cortex (mPFC), hippocampus (Hipp) and amygdala (Amy), as well as other regions. The VTA receives such 

inputs from the lateral dorsal tegmentum (LDTg), lateral habenula (LHb) and lateral hypothalamus (LH), as well as both 

GABAergic and glutamatergic connections from the extended amygdala (not shown). These various glutamatergic 

inputs control aspects of reward-related perception and memory. The dashed lines indicate internal inhibitory 

projections. The glutamatergic circuit from the LH to the VTA is also mediated by orexin (not shown). Greater details of 

these monosynaptic circuits for NAc and VTA are shown in FIG. 2. RTMg, rostromedial tegmentum.
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What is the interaction between active positive memories 
and a brain in a stress-induced state?  

Significantly upregulated cFos Did not significantly upregulate cFos 

(Ramirez et al. Nature, in press) 







The DG-mediated acute rescue is blocked by inhibiting BLA  
(but no mPFC) input to NAcc 



BLA to NAcc terminals are necessary for the antidepressant-like  
effects of DG stimulation   

Significance: Inhibiting BLA:NAc terminals can “clamp down” on behavior 

when a DG-mediated positive memory is reactivated  



Today’s Forecast 

1) Beginning 
•  The kinds of memories worth manipulating 

 
2) Middle 
• Acutely rescuing psychiatric disease-related states 

 
3) End 
• Chronically manipulating memories to achieve 

long-lasting antidepressant-like effects 



Experimental Design for Multiple Stimulations 



Behavioral Improvements in the TST and SPT 

Significance: multiple reactivations of DG cells previously active during a positive experience 
reversed the stress-induced decreases of time struggling or preference for sucrose 
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? 





Significance: multiple activations of a positive memory reversed the decrease of 
neurogenesis (as measured by DCX or PSA-NCAM) caused by chronic stress 



Summary and Future Directions 

• Chronic reactivation of positive or negative memories before stress to induce 
resilience or susceptibility?  
 

• dHPC vs vHPC engram regulation in anxiety-related behaviors?  
 

• Ablate neurogenesis to test if chronic positive memory activation still works?  
 

• Pull down engram-bearing cells across brain regions and determine their 
transcriptional landscape? 

• Acutely activating DG cells previously active during a positive experience are 
sufficient to reverse the effects of stress in the TST and SPT 
 

• These effects require real-time BLA:NAcc activity  
 

• Chronically activating DG cells produces a long-lasting rescue of these behaviors and 
correlates with a rescue in neurogenesis.  
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